Food and beverages rich in polyphenols have been shown to reduce the risk of non-communicable diseases. The present study estimated polyphenol levels and consumption from food and beverages in Japanese women. Randomly recruited housewives living in the area around Tokyo (n 109; aged 21-56 years; Group 1) recorded all beverages and foods they ingested for 7 d, and the total polyphenol (TP) consumption was estimated based on the TP content of each item measured with a modified Folin-Ciocalteu method. For Group 1, TP was consumed at 841 (SD 403) mg/d (range 113-1759 mg/d), and beverages were a larger source of TP (79 %) than food (21 %). The largest single source of TP was coffee at 47 %, followed by green tea, black tea, chocolate, beer and soya sauce, at 16, 5·7, 3·3, 3·2 and 3·1 %, respectively. In terms of food groups, cereals/noodles, vegetables, fruits, beans and seeds, and seasonings (except for soya sauce) contributed 5·0, 4·0, 1·4, 1·8 and 2·4 %, respectively. Another group of housewives who consumed at least one cup of coffee per d were separately recruited (n 100; Group 2) in the same area. Their consumption of TP was higher at 1187 (SD 371) mg/d (range 440-2435 mg/d) than Group 1 (P < 0·001), and the difference mostly came from the coffee consumption. We conclude that not food but beverages, especially coffee, may be the major contributor to TP consumption in Japanese women.
Polyphenols, which exist ubiquitously in plants for protection against UV light and reactive oxygen species (1) (2) (3) and also sometimes provide colours, are varied molecules containing over 8000 species, including flavonoids (for example, catechins in tea and cocoa, isoflavones in beans, quercetin in onions and anthocyanins in fruit) and non-flavonoids (for example, chlorogenic acids in coffee) (4) . Polyphenols are consumed by humans as a major part of non-nutrient food components. Total polyphenol (TP) content and antioxidative capacity are positively correlated (R 0·7-0·9) (5, 6) epidemiological studies with respect to its health benefits. Meta-analysis of cohort studies has shown that adequate consumption of coffee may be beneficial to reduce the risk of type 2 diabetes (13, 14) , total cancers (15) and some specific cancers, including liver (16) and endometrial cancers (17) , heart failure (18) , stroke (19) , Alzheimer's disease (20) and Parkinson's disease (21) , resulting in reducing the risk of total mortality (22) . Coffee polyphenols, such as chlorogenic acids, are an important source of antioxidants (23) (24) (25) in our daily life, and a high consumption of antioxidants from coffee may contribute to reducing mortality and morbidity risks. Coffee also has anti-inflammatory properties (26, 27) and is protective against oxidative damage (8) . Tea, which is rich in catechins, is also an important source of polyphenols and reduces the risk of type 2 diabetes (13, 28) , some cancers (29, 30) , stroke (31) and CVD (32) . Not only coffee and tea, but also beverages, such as red wine, and foods, such as chocolate, fruit and vegetables, could be candidates as sources of polyphenols in the diet. Black chocolate and high-flavonoid cocoa have been shown to have beneficial effects on CVD (33) and stroke (34) . Soya products containing isoflavones may reduce the risk of prostate cancer and breast cancer (35, 36) . Total flavonoids may reduce the risk of type 2 diabetes (37) and CVD (38) . Most of these epidemiological studies have shown an association between disease risks and consumption of the food itself, and it is not fully known how much polyphenols and/or antioxidants exert a beneficial impact.
The life expectancy of Japanese was the highest for women at 86·4 years, and is fifth for men at 79·9 years in 2013, and the Japanese diet may contribute to their healthy life. Several studies have reported on the consumption of TP in European and American countries (10, 12, 39, 40) ; however, information about polyphenol consumption by Japanese is limited. In our previous study (5) , we evaluated TP consumption from non-alcoholic beverages; however, information on food and alcoholic beverages was lacking, and there are no reports on polyphenol consumption from all food and beverages in the Japanese population. Adverse effects of polyphenol consumption from food and beverages in daily life are not known at present, and information is lacking about how high polyphenol consumption can be achieved in individuals. The present study aimed to estimate TP consumption among Japanese middle-aged females and to describe the contribution of specific food and beverage sources and their individual differences, in order to provide further information about polyphenol consumption and to understand their potential contribution for health benefits and their safety.
Materials and methods

Total polyphenol assays
TP content in food and beverages was measured using a modified Folin-Ciocalteu method (41) described in a previous report (5) . Briefly, food and beverage samples were purchased in Japan. The fresh edible portions of foods were chopped and homogenised in an extraction solution, 70 % ethanol and 0·9 % NaCl (7:3, v/v), for 1 min and were sonicated for 10 min at 4°C, and then centrifuged at 3000 rpm for 5 min to obtain extracts. Beverages were extracted by acetonewater solution (7:3, v/v). The filtered and diluted solvent extract (SE) solutions were applied on an Oasis HLB cartridge (Waters Japan), which absorbed polyphenols, and a washing extract (WE) eluted solution was obtained. Folin-Ciocalteu reagent was added to each SE and WE solution and was incubated for 15 min at 50°C with sodium carbonate solution, after which specific absorbance at 760 nm was measured. The TP level was determined by subtracting the value of the WE solution, which contains interfering water-soluble components such as reducing sugars and ascorbic acid, from the value of the SE solution. Chlorogenic acid and catechin (Sigma-Aldrich Japan KK) were used as standards for coffee and other food and beverages, respectively. A total of seventyseven food and beverage items were selected based on information of trade volume in the Japanese market and TP contents from literature (42) (43) (44) (45) and their TP levels were measured.
Survey for food and beverage consumption
The survey was conducted in 2010. Housewives living in the area around Tokyo were randomly recruited and included 109 subjects aged 21-56 years (Group 1). Another group of housewives, who consumed at least one cup of coffee per d, were separately recruited in the same manner (n 100; Group 2). The profiles of all subjects are shown in Table 1 . Subjects recorded all beverages and food materials consumed and the cooking menus used for 7 d. Consumption of foods and energy intake was calculated with nutrition-calculating software EXCEL EIYO-KUN (version 5.0; Kenpakusha), which provides portion sizes and weights of food materials for cooking menus (46) . TP consumption was estimated from the food and beverage consumption data and TP contents.
All beverage items were recorded and are fully covered with TP content information. A total of eighty-two vegetable and thirty-six fruit items were recorded as consumed by all subjects in 7 d, and the weight-based coverage of consumption of 
Statistical analysis
The results are presented as mean values and standard deviations. Data analysis was carried out with IBM® SPSS® Statistics 19 (SPSS Japan Inc.) using the Wilcoxon rank sum test. A difference between means is considered significant at P < 0·05.
Results
TP levels were measured with a modified Folin-Ciocalteu method for seventy-seven food and beverage items, including thirty-one vegetables and potatoes, eleven fruits, eight cereals and noodles, five beans and seeds, five seasonings, two confectionery items, and twelve non-alcoholic and three alcoholic beverages ( Table 2 ). The consumption of TP from foods and beverages by subjects is shown in Table 3 . Consumption of TP by the subjects of Group 1, who were randomly recruited from the population living in the area around Tokyo (n 109; aged 38·3 (SD 7·5) years) was 841 (SD 403) mg/d. The between-subject variation in TP consumption were large and ranged from 113 to 1759 mg/d, where 15-fold differences were observed in subjects from Group 1. Beverages were a larger source of TP (79 %) than food (21 %) ( Table 4 ). The largest source of TP was coffee at 47 % (0-86 %) followed by green tea at 16 % (0-66 %), then by black tea, chocolate, beer and soya sauce at 5·7 (0-50), 3·3 (0-28), 3·2 (0-53) and 3·1 (0·6-21) %, respectively. In food categories, cereals and noodles, vegetables, fruits, beans and seeds, and seasonings (except for soya sauce) contributed 5·0, 4·0, 1·4, 1·8 and 2·4 %, respectively. Total soya-based products, including soya milk and seasonings, contributed 5·9 % and total wheatbased products, including bread, pasta and udon noodles, contributed 3·7 %. We independently recruited another group of housewives who consumed at least one cup of coffee per d and allocated them to Group 2 (n 100; aged 39·3 (SD 5·6) years); their energy consumption was not different from that of the Group 1 subjects ( Table 1) . Consumption of TP was higher, at 1187 (SD 371) mg/d (range 440-2435 mg/d), in Group 2 than in Group 1 (P < 0·001) ( Table 3 ). The contribution of TP from coffee reached 68 % in Group 2. TP consumption from green tea was slightly higher in Group 1 (138 (SD 170) mg/d) than in Group 2 (84 (SD 130) mg/d) (P = 0·020); however, the other food and beverage items for the two groups were not significantly different in polyphenol consumption.
Personal consumption data from the two groups in this survey showed that seven items, including coffee, green tea, oolong tea, black tea, beer, red wine and chocolate, reached a maximum individual daily consumption of more than 200 mg/d in Group 1, which was at 1200, 608, 326, 272 mg/d, 285, 296 and 187 mg/d, respectively. Red wine and beer was consumed by fewer of the subjects but largely contributed to TP consumption in some subjects, accounting for up to 32 and 53 % of individual total TP consumption, respectively (Table 4 and Fig. 1 ). Three items, including tomato/vegetable juice, miso (fermented soya bean paste) and prunes, reached maximum individual daily consumption at 100-200 mg/d. Oolong tea, tomato/vegetable juice and soya milk also contributed to TP consumption in some subjects, accounting for up to 36, 20 and 43 % of TP consumption, respectively. Dried prunes were consumed by four subjects in Group 2, and its impact was high on TP consumption, reaching 102 mg/d (12·5 %) in one subject. In individuals, the largest source of TP was coffee in seventy-nine subjects (72 % of all subjects) in Group 1, followed by green tea (11 %), black tea (6 %), beer (3 %), red wine (2 %) and oolong tea (2 %). In Group 2, coffee was the largest source of TP in 99 % subjects, followed by green tea at 1 %.
Discussion
This is the first study to show consumption of TP from both food and beverages in Japanese subjects. We selected housewives as subjects because recording all food materials with a cooking menu is a complicated task requiring experience of every-day cooking in order to maintain accuracy. The proportion of each beverage intake in subjects of the present study was similar to that found in our previous report (5) . Fruit and vegetable consumption was also close to the market statistics in Japan (42) , and food and beverage consumption in the two groups of the present study was mostly the same except for their coffee and green tea consumption. This implies that the assumption of TP consumption in the present study is not biased, even if the number of subjects and their representation are limited. TP consumption from the entire diet in the female Japanese subjects shown in the present study was 841 mg/d, and beverages were a four times larger source than foods. TP consumption from beverages, 664 mg/d, was slightly lower in the present study population compared with a previous study that reported 853 mg/d in Japanese men and women (5) . Coffee was the largest source of polyphenol consumption, accounting for 49 % from all foods and beverages and 59 % from beverages in the subjects, which corresponds to our previous study showing that coffee is the largest source of TP in beverages at 50 %. Green tea was the second largest source of polyphenols at 16 %, whose proportion was slightly lower than that found in our previous study. There were no food items, except for coffee and green tea, that contributed an average of more than 10 % of TP consumption. In food categories, cereals/noodles, vegetables and seasonings made slightly higher contributions to TP at about 5 % of all TP consumption. Fruits had one-quarter less impact than the others. Chocolate and soya sauce were two major sources of polyphenols from food items, contributing 3 % of polyphenol consumption, which was twice as high as onions, which was the largest source from vegetables. In Group 2, where coffee consumption was at least one cup per d, 68 % of TP consumption came from coffee, and coffee significantly raised the overall TP consumption by 350 mg/d more in this group. The total consumption weight of foods and beverages was not different in the two groups, which suggests that the contribution of coffee to TP is large and that other sources did not compensate for the increase in TP by coffee. Subjects in Group 2, with higher coffee consumption, showed a slightly higher consumption of bread, yogurt and bananas, which are prone to be consumed at Western-style breakfasts in Japan. Their diets were lower in buckwheat noodles, radishes, Chinese cabbage, araceous and fish, which are mainly used for Japanese dishes, implying that coffee consumption may be associated with food choices. However, the differences in these amounts are not large and there are no differences in the total consumption of foods from each category.
Individual differences in TP consumption were large and we observed that subjects with the highest polyphenol consumption had a 15-fold higher consumption than the subjects with the lowest polyphenol consumption. Food and beverages whose personal TP consumption was at least 100 mg/d other than coffee and green tea were red wine, oolong tea, black tea, tomato/vegetable juice, beer, prunes, miso (fermented soya bean paste) and chocolate, which contributed a large amount of polyphenol consumption in some individuals. The major source of polyphenols was different in some individuals. Although coffee was the largest source of polyphenols in 72 % of the subjects, green tea, black tea, beer, red wine and oolong tea were also the largest source in some subjects. Most subjects (99 %) consumed coffee as the largest source of polyphenols among the subjects from Group 2 who consumed at least one cup of coffee per d. TP consumption from both food and beverages described in currently available literature is summarised in Table 5 (10, 12, 39, 40) . These reports estimated that the daily TP consumption from foods and beverages was 800-1200 mg, which is a similar level to what we show in the present study. These studies show that beverages are a large source of polyphenols, and that coffee contributes the highest amount of polyphenol, about 50 % of TP. Tea is the second largest contributor; however, its contribution is rather lower than in Japanese. On the contrary, contributions from fruits, vegetables and cereals, which are followed by coffee and tea, are higher in European subjects than in Japanese subjects. The estimated polyphenol consumption from fruits and vegetables is also higher in the USA than in the present study (43, 47) , where the contribution of apples and potatoes is high, which is similar in France (48) . Edible parts of fruits and vegetables are limited in Japan, where the peels of apples and potatoes, which are rich in polyphenols, are normally removed completely before consumption in Japan, which may cause the low content of polyphenols in the present study for these fruits and vegetables. The major cereal in Japan is white rice, which contains lower polyphenol levels than wheat products, and consumption of whole-grain cereal is also limited. Soya products are a typical contributor of polyphenol consumption in the Japanese diet, and soya-based seasonings, such as soya sauce and miso paste, which all Japanese generally use in their every-day diet, contributed to raise the polyphenol consumption equally in all Japanese. Recently, a database for polyphenols and/or flavonoids has been established in the USA, Europe and Asia (49) (50) (51) (52) , and has been used for epidemiological studies that provide important knowledge of how polyphenols contribute to human health (53) (54) (55) (56) . Polyphenol consumption in Japan and Europe is similarly high and beverages, especially coffee, are a major source; however, other types of contributing foods, especially fruits and vegetables, are different in various regions, where polyphenol contents as well as consumption differ. This implies that such a database is useful but it may require a careful integration of quantitative data, considering such regional differences.
There are two major methods used to measure polyphenol contents: the Folin and HPLC methods. The French and Finnish studies listed in Table 5 used the HPLC method to estimate TP consumption in their diets. HPLC is an accurate and quantitative method for measuring polyphenol molecules when standard samples exist. However, it is difficult to sum up all polyphenols in the diet and this may cause an underestimation of TP consumption in the diet. The Folin method is an easy analytical method that is suitable for roughly estimating overall amounts of polyphenols and the risk of underestimation is low. The Spanish and Polish studies listed in Table 5 and the present study used this method. For accuracy, the Folin method requires the avoidance of interference by reducing compounds, such as vitamin C, in the food samples (57) . In the present study, we used a modified Folin-Ciocalteu method with reverse-phase column chromatography to remove interference by reduced compounds, including vitamin C (41) . Coffee, cocoa and black tea, which provide a large part of the polyphenols in the diet, contain a large number of unknown phenolic compounds including polymers generated through roasting and/or fermentation processes. In the case of coffee, chlorogenic acids with nine major compounds (for example, mono-and dicaffeoyl quinic and feluoyl quinic acids) are composed of roughly one-third of the TP in roasted coffee (5, 58) . Black tea polyphenol has two International Organization for Standardization (ISO) methods for its quantification, and a one-third difference is observed between the HPLC and Folin methods (59) . The choice of a chemical standard required for the Folin method may provide a slight difference in analytical results, and we used two major standards, chlorogenic acid for coffee and catechin for others, where the gradient of standard curves for commercially available polyphenol compounds, such as epigallocatechin gallate, epicatechin, epicatechin gallate, epigallocatechin, tannic acid, naringenin, and ethyl gallate, are within 2 SD difference with catechin except for chlorogenic acid (5) . In vitro antioxidant capacity is used as an indicator to show the potential health benefits of foods (49, 60) . Coffee is the largest contributor of antioxidant capacity in Spain and Italy (9, 11) but is low in the USA and was excluded in the Swedish study (60, 61) , where inconsistencies may be caused by methodological differences in antioxidant capacity (62) . Each polyphenol is not equally bioavailable, which may also cause different impacts of polyphenols on health benefits. A human intervention study showed that TP in the urine is more predictive for all causes of death of the elderly than is its amount of oral consumption (53) , suggesting that the amount of polyphenol in the circulation is more meaningful for health benefits than is oral consumption, at least to some extent. Although antioxidant capacity or bioavailability are important to understand the actual impact of polyphenols exerting health benefits, TP content and its consumption can be a good practical indicator of potential health benefit in human life. Approximately one-third of orally consumed polyphenols is transferred into the circulation and can be identified as metabolites both for coffee and (2) M, male; F, female. * Food items were pooled into seven food groups for analysis. Extractable polyphenols were expressed to compare with the other studies.
green tea (63) . These two beverages are major sources of polyphenols, providing two-thirds of TP consumption by the subjects. We found in the present study that the amount of polyphenols consumed has large individual differences. An indication of their contents could provide significant information for potential health benefits, especially in populations with low consumption of polyphenols, who may reduce their opportunity to be healthier.
In conclusion, the present study characterised TP consumption from all foods and beverages in middle-aged female subjects in Japan. Not food but beverages, especially coffee, were the largest source of polyphenols in the subjects' daily life, and large individual differences in polyphenol consumption were observed. These results are beneficial to understand healthy diets and polyphenol consumption as a potential contributor to that. Further studies are required to show TP consumption in different sex and age groups, and the relationship between polyphenol consumption and its health benefits.
